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(57) Abstract: 

PROBLEM TO BE SOLVED: To obtain an epitaxial wafer 
for high-density integrated devices having sufficient 
gettering effect without the need of increasing 
processes, and to obtain a silicon single crystal 
suitable for producing such wafers. 

SOLUTION: This silicon single crystal suitable for 
epitaxial wafers is obtained by growth through doping 
nitrogen at ~1 13 atoms/cm 3 . The other objective 
epitaxial wafer is obtained by growing an epitaxial 



layer on the surface of the above single crystal. A 
second version of the objective wafer is obtained, using 
the above single crystal, by growing epitaxial layer on 
the surface of such a wafer as to generate OSF 
at _-\Q 2 fcrr\ 2 on the surface when subjected to 

thermooxidative treatment A third version of the 
objective wafer is obtained, using the above single 
crystal, by growing epitaxial layer on the surface of 
such a sliced cut piece as to generate defects 
at _5xio 3/cm2 on tne section after subjected to heat 
treatment at s 1 f 100°C. 
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(57) [SMI 

[8Pfc¥l9:] (1) a*SrlO u atOB«/cm , 6t_hK-^ , br 
ilftfiu (2) *©*J»ftSrfflV^, ^ffifcrcf ^v-y/l^g 

~, (3) *<D**&**flvvfc, itfkMufci^i:* 

ffl-CO S F *U0Vcm^±^^-t-.5 ^O^ffi±(C 
aif^dr^-V^Sr^S^*^^^— (4) ^:<D*ig 
A Srffl V \fc , 1 lOOlCBtiGHIMffiai* iz.mmz.X5x lOVc 




(2) 



[M#£ 1 1 S^S-10"atoms/cm 3 »Ub K-/LTf)« 
[M#H 2 ] ^^SrlO"aton.s/cm 8 W_h K-T'Ltf* 

[f»*3S 3 ] ^Sf §rl0 13 atoms/W£JU: K-/Ltt« 

« Srffcfi S-frfc r £ £4$® b T 5 a f* * * ^ _ 

[HM&U ] ^5ji£10 13 atoms/cm 3 £l_h 
&*Lfc^!)a:'M*ila»e>40 9tfl£tU 1100<C£l±<Df|& 

[»W©»JWft»M] 20 
[000 1] 

[0 0 0 2] 

1*. v— ^mnom****? to?* y 

H£fc5, (Ett*if©ilSft^cR6*JJ:t5K— ^i'bCWI-© 
KB$H5. 

[0 0 0 3] S63(E, x'W ^JBtcCZifc (f 3^7^ 
—'Mete, ji^lO' 8 atoms/cm 3 g*(D®iii;&s^*;h/0* 40 

*\ ^^yy^SiiWffiWtfcs^ -is 

^"C, 7 — KK-ftM© L O C O S (local oxidatio 
n of silicon) \Z.^.^fH^x.A-WBSlM<om^. 11 
00~1200'C©ii5®T?^Mi%#$^S^:J6 > /n* 

<D^S^Rb©*VnDZ© (denuded zone) Sit 50 
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5. r©DZa^^M^S14^i:^^©T?, g&tc 
ttft^tt©^*V ^Kttas h it h cF;h/OVfc 0 
[0004] fcr ISBI©)Mi«ftic#v\ *i/u 

©Mjgdnooo'ciiiT-efea^ns i 5 J-&5 t » ^st© 

KiHUCT'^ fflv^;ft.5<fc 5 fcfco-cv*5. 
[0 0 0 5] rcDJ;5t-bT, V^—^mffioyr'^ * 

mim®izmiz>m&xWk&&£Ktj:<irzkti., ^f 

5. 

[0006] &JK^M<&7ci!m, j*«e«H6»t?s i m 
ftffc«AH*U -»ICS i *©*fc*5S«a**V\, 

fc5t < j&Blte^*^&LO*5J:*>t>i*^-ift 
©^**&£M«$*54§j^^:^£v*5. v-V^&fls 

by yvy^yj/^yy/n ^^-^co^ 

B!k u— y-'— -<^-V#T*>ji^ *)SVM*S i,N 4 
[0 0 0 7] LA>L^C*5P>, ^^7s\-^y^y9^fy9 




-C. 1050~1200'C<Z>iS5iai-#£*:«K — ^*«ipco 
[00 0 8] 

[0 0 0 9] 

[«HSr«Bfci-6fc»0^a] «*£*K:JBBi-a*i» 
©«St*B^(fe(-, ^-fbpeaS^CRS (Oxidation-induced 
stacking fault : KT*C TOSFJ if 5) *5fcSo 

i^^O^StttiEOti^Sfcf?. r^Ra(*^m 
S i W%iik<DV~— 1000~1200 < C(cri~20B#K 

utmium&n-tk* *i&ft©3i#Jb»f«i£*.L>i-r5 
y ^^©o s f (eiT rosFyy/j tv^5) 

^•T-Sr t>!)S*>5 0 r©OSFy ^fc^tr&tR^-ht- 
S i <^tf**^/Wl§r^/££*5£, y V^*g<© 

[0010] ii^, O S F V «i^«bnd»&+9t 

[ooii] r©os f y >ymm<of&&*:mc£z>y 
W5Hi»ft*j««pfc» mm*h'-7-rz>z.k\z.iiV) y^ 

[ 0 0 1 2 ] fikfc J; »K CZ &£T)ttl&Ai£a*£- K— 

76151-§-&$ft) , Bfc?]KWofe&<Dft±->$>mVL<DWW} 
Srffl)Jhi-Srt (#HaS60-251190^«) , /s 

flsBIWff ©fiTSrBSJhi-S £ t (#M¥5-294780-5§-<£ 

i-at-rs^i*^ o s f y ^<^4Kic&tf-r$*i*£ 
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Lfco K— 7 P i-^^^©4SrlO u atoms/cm' 

^->-^y Vi/tC^'feOSFco^^^ 

#fe^7>f^>H-S:S«i: LT^ffiiciS i at W**/\jv 

©Wa^Sr^^-fr-WVV p-, n-ifcten+Ox'W;* 

[00 13] ^©^f^driX-r/WJlSr^^^-erfc^^— 
^©^y*y >^3»*tt» MOSOM?^ -Me 

fcr4ofcii5, mst^twmm^ *attosF# 

lOVcm^-h^LTV-'.S;: k1fit>ti^tc„ f 

20 ^-fk^aatctoTosF^fcssaw-h^-rsj; 5 

CJtfc y * y > ^Sb* Sr tc £> Vtc h (O k JStafcfc. 
[0 0 14] ^^r^^yUScD^fi, £1— 

^Srll00t;ei_htcAP|^L.T*3Oi 5 <Di>mit bV\ ^ri 
tr, r<D^^Srl0"atoms/cm'«± K— Zf\^1t.Wfc&i>* 

tP^^1100 < C£l±<DS*Q ! SI4rJibfci:r-5., WffifcT 

SxlOVcm'Eli^RS^^^tufco r©«t 

//vy^ y ^-ycn*/^? k LT^lt^i-^-/^ y 

[0 0 15] *^cog^f±ft©««?-Cfc5o 

[0 0 16] (1) ^PgSrlO"atoms/cm , Ul-hK-7 B Lr 

[0 0 17] (2) ^m*10"atoras/cm'WJ; K— 7"LT 
[0 0 18] (3) SP^SrlO ,s atoms/cm'KU: K-T'LT 

istcm&iz-mffix-o s f ^io s fi/cm , ei±^^-r-5 r <d 

tc r t * #® 1 1" -5 a: f ^ V -f A- ^ * — / >. 
[0 0 19] (4) gm£10 ls atoms/cm'WJb K— /Lt 
S«JWcv'y3^i>W!)tli^ 1 llOO'CtU: 

50 i&9:&*ktz^k*mm.k1rz>^?*^\fr'?x--'^ 



m 

[0 0 2 0] 

10"atoms/cm 3 £l_t kTZOte. Z-HXV mm&^pt£ 
v^<g% OS F y V^<9*Ic0ifc*tfs;^+#-TN Vy9 9 s 

fc, K-:/*©±RttW;:ttaft1WLfcV^. #<ft<9-f 
f? 5 t A K ft 9 ^"T < ft 5 © "C, 4. 5 X 10 ,6 atoms/c 

[oo2i] K-^co^rffit lti4, mm<onm<Dmm 

4>fcSV^tt»*«t'^©»b»©»a\ gsHSr^nLfeF 

z ^> y = >-m& j $>mmKmt&mmzM)$.&ittc ? i- 

[0 0 2 2] ±|HO^^ K-T'bfc^A^^y-r^ 

M,Xfa<D?£\^K'9*^^/^m<oM&J3&x-tbtiii}!A, 

ft#Sfct? *> & V \ i © J; ? te&iS «: 10 ,5 atoms/cm'&Ui 

©££©*»:, I8M»*©te©3F*MMk hWWVtt 

JifcT«tt*-C#5©T\ ^*«-ett^Pfe«**s+ 
dttflkS*vcv*S4»f*ia>e. r. © X 5 *<MiT»^Pfe* 
*n*©JB*WBIlLfc£i:H:. ±9 5fif*Ufc^y^y^ 

^B-CO S F asiOWcm 2 £*±3§£-f 5 <t 5 ft ^ 
Srfflv^rt-CfcSo *fcr©J:5fta*UV^ttjR© 
*IHfaiLm *tr**V*A*«r«MliS-* , fc|ft© 

9 * ^+a-jbj*sk»* bvniooicEU:©s&8ya«fc:* 

[0 0 2 3] 

[ftffifll] (35*«13 K-^©«i*Sr*i-fc»ft 
©<t 5 ft 2o©H^Sr*jr ftofc 0 l&ttAWj&fcftM:* 
^A'ytf^ffiMftMM*'? ="> 50kg «r»»U # 
oi'SrK— /<vfi:UBS 150mm ©USAvWifc <100> 
<Dmm£kZ5\%±lfmg. 0.6mm/min iLfc. 

[0 0 2 4] *-flO©fc, a*©«*DS6*ftM6>*»l!l-r 
Sfc«>, ^Ari5WT300mm*^/&;ftL;fcl8|^g?!?# 
^.Sr^rtJ- 10 1/min «L-C*©**J*ft«rtt«\ 
*«f©a*«r*tttn<S*fc. JJcfc, g$ K-r**M«> 
9 ■*>■*-< 5l#Jitf«t»K^KJ:*SI*ilS!IPSr 
*srft 5©-eft< , SflJ)t*»j*£-frfc***©|ii5>a» 
4*/ya^>>s-^t, JR»©XMUK#HF*^y a^i: 

ttic^ja-rsrfcicio. iiK-/M io u , io 
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"* fc}*10"atoms/cm 3 t -^iX-^nSft 5 3 ffi©l|M£ A 

[0025] r*ue>wja*©nuB*a»&, manic** 
^it i-/^©wiit >i ffl l, mm&m 

&+T?1100 < C, 1 e^Mo^^aSrJSL^o ^r© 

**i«tTOSFM^Lfe„ 
[00 2 6] HI 1 Ic, S^^^A<- J: 9 K— 7"SS:^ 
*.***&*©, ft^«]»fteSJc*5(tsm>H-®^©0 
10 S F«-^©5>*©|®*i^*Sr^i- 0 r©0«#i)SA©«t« 
kfl-Jl (C ft Jt T 3 I V >fciH±© O S F &&5rtsi b 
*:*>©■?, jl^OSFJiailtmAW^^tttl^tt©*^ 
&y V/ti)totV^„ IT 100mm ©&«©i*fUt 
\i.iZ.timmJ}*-t>mX&fcXt£<^ 400mm. 700mm£WT 

H^f>igf>*>ft<t 5t's **K— 7*9*1**-*:, OSF 
y v^©<iasJtU ^»>i-^#:<cOSF/5S^-r'5J:5 
KfttK ««©i^^v-^ii^:i-5rt*sip*>^ 0 
[0 0 2 7] EI2H, ^fi©^-</VSr^xT^ 

20 ***fc^«f*icov^r» #Aj***iiic»o-caasii,fc 
i*^©osF^ap'*S!)^u^m^i-. r©4§^% 

K£Wl*l*R^©^^g, feJrtrf^blW^©^ 
^•ffitCda^oT 10mm ©•emtCTiBI^LfcO S F& 
«©¥*&ffiT?«>5o m*>^Mfc*>ft«fc5^ SPgK- 
T'*^ 10 ,J atoms/cm't?li^A* 5 fiefi-r5 iOSFf 
p i>K 10 13 atoms/cm s lcft2. bWi'P b 
Tt, WOOOS F^fft^jp^f^tt. 10"atoms/cm 3 
-cji, tt^-(Ri-ct>^i— ftfl^OSF«a?a s #<c>;ft,-5;i t 
d5t>*^ 0 *fclO"atoms/cm 3 ©^A©»^-, 
30 £#{;ii9-lcOSF;as#*LTW;:. 

[00 28] [JIJS^J 2 ] l (CT10"atoms/cm 3 

©^^K-7-L.fc*i^A^e»#bHfc^^-^lc x m 
mffi.8tU5QX;Kxm&f& 5 (in ©^^ ^#V-r/w«Sr 

5 ^ra©S#?^s/^^j/«r*3^ftV^, #36 
WS»KTx fi? driX^/WJl^®©^:Ra^S*3 J:0!»fS 

[0 0 2 9] m3\z3mft<D*-bfabfi[-mijfa^I(>}\tT 
©<4g{ci3»t^. ^®i:»fffi©^te©«fftJB^*Sr* 
40 -To Z.ixfrbWbfrte£o^ ^.(Omm^h'—^Vtc^- 
^Ai-<t^!>^-^i*s attr^*v-r^Ji»^«fcr, 

T«©¥i^A©»f®{--rT?J-10 4 {@/cm 2 Wm©^RB* s « 
i6S®©3i^^ /wg^^r{ctife*wai«) 

^W^S't±^tft'5ifi5'=¥iX-r/i'®tc*fL, T® 
^A^©^RB©^i:^tt^CTV^/ < CV>^ t tfl^-f 

[oo3o] mmm 3 ] e^^^ioQcm^fcfio. oos 

50 Qcm©, S«*i*fc«<B;ffi^:©2@©^^-^S«Sr*t 
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», 10"* fcH10"atoms/cm' K— TXfc ©© 8 H© 
^D!5 WbTliiM®Sll50 , C{CTm$iK) 5 p ©3£fc*^ 
(0 0 3 1] ZiXbOV*.— /^ffiSr, 3ppm©Cu(N 

©£{fc£rS33£Lfc 0 

[00 3 21 0 4 ^^^MatOMffi t B£IW#fe#£- 
^•T. 0©X&tK A. CtU*U3o©^ 
{c*5V^r^^-^^?|#ffib, 5&#ya©jt*Tlc#5'/s' 
*y v^©S6*SrP*Ufc. ^^!)y/©»li« lift 
»<bKSr*»-Clfe*Ufc*, 1000 < CI£T2flf|fg, ttflfeife 
*#H*fcT»flsU& 75nm ©y- bftfbKttttAS 
-Br, 500nm JfE©A 1 I8«r2$MSF8L 450 < Ct?30^cOv-Vi5' 

hffifli£#§!lU ^ntrfflv^cMOS©^^:?^ 

[0 0 3 3] @5C, »47^f 7^ AfcSH£L.;fciB* 

fct, ^^*i^/w^ffiM&8:&©»£7^:7^Att$S 

J* 6> foX V -> 5 0 K— 7*S>4S 10 12 atoms/cm ! ©»-a- s 

*T IvlO^atoms/cm't?!*, 1 ©0 2 Lfc<t 5 

O S F&m-Z&m R-^fi lO^toms/cm 3 ©*^ 



S*K— 7"*^ 10 u atoms/cm'eiJ:fc*Xli, ^s-^yv 
[0 0 3 4] 

io h y >i/ h y ^^©y 

toaSri^S h -tir-f Jd, * if ©Si® 

*B*fe«W6»c*»#fc<» L^fc^s^y ^#j*©# 
[HiB<Z>1K¥&K9i] 

[eh mmY—y?>ym.v>nMz.m^osF<Dy^— 
[0 2] o s F**©*j*a*fcfriRi©*wifa^ a*K- 

[El 3] #P>tvfc^tf^^v'Y/W!?^— ^©35®£rtgB 

(»fffi) ©#i&>cifc©#*sr*-rBi-T?*>*. 

[04] ^©y-jy^y :/^fg;ft£i¥*^5;fc«>(c 

[05] 5l^7-Y7^-r A©KitXSiw#5^(r:Sr, 
30 |gK-7*S©^5'J'^-^{CJ; t)il!l^Lfc^mSr*i- 
0-?ife>5„ 
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